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Introduction
One focus of experimental research on social dilemmas has been the search for and the identification of factors that promote cooperative behavior in settings in which individuals have incentives to behave opportunistically. The most widely used arena for this investigation is the voluntary contributions mechanism, an elegant construction that permits straightforward measurement of the extent of self-versus group-interested behavior. Interaction in the voluntary contributions mechanism proceeds according to the following rules. Each member of a group of individuals has an endowment, from which he may contribute any amount to a public good that returns a payoff to each individual. The level of this payoff ensures that at the social optimum, each individual contributes his entire endowment while, in contrast, each individual has a dominant strategy to contribute zero. The amount contributed can be interpreted as a measure of cooperative behavior. The main overall pattern observed in laboratory experiments is that initial contributions are substantial, but decline as the game is repeated and cooperation converges to a near-negligible level in the long run (Isaac et al. 1985; Andreoni 1988; Isaac and Walker 1998a; Ledyard 1995) .
However, a number of modifications to the game that increase cooperation considerably, even in the long run, have been identified. 1 For example, endowing individuals with the ability to reduce the earnings of the least cooperative individuals in the group is highly effective in raising contribution levels (see for example Yamagishi (1986) ; Ostrom et al. (1992) ; Fehr and Gaechter (2000) ; Carpenter (2005b) ; Bochet et al. (2005) ; Masclet et al. (2003) ; Noussair and Tucker (2005) ). These studies and others all find that individuals are willing to pay from their own earnings to reduce the earnings of free riders, and average contributions increase as a result of the existence of the sanctioning opportunity. It is thus clear that, at least under some circumstances, sanctioning mechanisms can represent an effective means of increasing cooperation among individuals and thus alleviate free-rider problems. This is the case even when the punishment is costly for sanctioners to administer, 2 and when the system does not rely on an external trigger mechanism for enforcement.
Immunity of sanctioners from reprisals is a characteristic of all of the studies listed in the last paragraph. Because there is only one opportunity to sanction in each period, and there is no means to track the identity of others from period to period, no player can identify individual punishment behavior in a manner that allows him to target an individual for reciprocation. 3 If such reprisals were possible, it might deter sanctioning, and thus dilute the effectiveness of the system in increasing contribution levels. Nikiforakis (2004) reports an experiment focused on this issue. He conducts an experiment in which there are two rounds of sanctions. Each individual becomes aware, after the first round of sanctions, of the punishment that each individual assigned to him. He then has the opportunity to sanction those, but only those, who sanctioned him. This creates a second round of sanctions, but only for the purpose of avenging sanctions received, which is termed as counterpunishment. Nikiforakis finds that the existence of the option to counterpunish nearly entirely offsets the increase in contributions the existence of the opportunity to punish creates.
On the other hand, all of the above studies preclude the use of punishment to attempt to refocus sanctions on low contributors, with the goal of increasing cooperation. There are two principal mechanisms for using sanctions in this manner. The first is to penalize those who fail to punish low contributors, and the second is to sanction those who punish high contributors. We will refer to these forms of second order sanctioning as "sanction enforcement". 4 Cinyabuguma et al. (2004 Cinyabuguma et al. ( , 2005 report an experiment in which individuals observe how much of other players' punishment assignments over the previous three periods (of play of a repeated game) are directed toward above-average, below-average, and average contributors. In every third period there is a second round of punishment, in which players can condition their second round of punishment on, but only on, this information. Agents cannot counterpunish those who assigned them sanctions because they do not observe the identity of the individuals to whom sanctions are directed. While those engaging in "perverse punishment", 5 the punishment of high contributors, are targeted most severely during the second opportunity to sanction, even those who sanctioned low contributors were punished more than those who did not. When a second opportunity to sanction is available, it is characterized by higher contributions and earnings compared to a setting, in which no second punishment opportunity exists. The data of Cinyabuguma et al. suggest that instead of increasing cooperation by allowing punishment of those who fail to sanction, the second stage of sanctions increases contributions and earnings by deterring punishment of high contributors.
The Nikiforakis and Cinyabuguma et al. studies find that counterpunishment reduces, and sanction enforcement increases, contributions. Our design, described in detail in Sect. 2, allows us to consider the following two issues that these ear- 3 In some of the studies, in which group membership was fixed, agents could punish all other group members by contributing less or by randomly sanctioning other agents in subsequent rounds, but an individual could not be targeted for sanctions based on his prior sanctioning behavior.
4 See Coleman (1990) for a detailed discussion of the use of sanctioning mechanisms to promote and sustain cooperation. On the issue of sanction enforcement, he writes "If the second order sanction is a positive one, reward to the sanctioner must be provided whenever the right action (sanctioning the initial offender) is taken; a negative sanction must be applied only when the wrong action is taken. If there develops a norm that one must sanction the violator of the initial norm, then the negative second order sanction for not applying the first order sanction must be applied only when that sanctioning norm is violated. This cost reduction to norm beneficiaries may give them an interest in establishing a sanctioning norm". 5 The incidence of sanctioning of high contributors depends on the subject pool employed (Gaechter and Herrmann, 2005) .
lier studies leave unaddressed. The first issue is which effect, counterpunishment or sanction enforcement, is greater in magnitude. This cannot be deduced from comparing previous studies, because they differ from each other in the timing and parametric structure of the interaction studied. We investigate this issue in two ways. The first method is to construct a treatment, in which all individual sanctioning and contribution behavior is observable to all players, and a second round of sanctions exists. This allows the net effect of the two forces on contributions to be measured. The second method is to isolate the effect of counterpunishment and of sanction enforcement by constructing two treatments, which are identical except that only one of the two behaviors can occur, and to compare the magnitudes of their effects on contributions. As described in Sect. 3, we find that the effect of counterpunishment is greater than that of sanction enforcement, and that the addition of a second round of unrestricted sanctioning reduces contributions and welfare. The second issue is the effect of multiple additional opportunities to sanction. We consider this issue by studying a game in which there are five rounds of sanctions in each period, the full history of sanctioning in earlier rounds is available, and any player may punish any other. We find that both contributions and welfare levels are significantly lower than when there is only one round of sanctions. Indeed, the level of welfare is lower than the minimum possible level in the absence of a sanctioning mechanism. Thus, the introduction of additional rounds of sanctioning, with all of the complex sanctioning strategies they enable, magnifies the effect of adding a second round of sanctions. The details of our experimental design are presented in Sect. 2. We present the results of the experiment in section three, and we offer a summary and some thoughts on the theoretical modeling of the patterns we observe in Sect. 4.
The experiment

Overview
There are five treatments in the experiment, all of which have a first and a second stage of interaction in common. In the first stage of the game, players simultaneously decide how much of their endowment to contribute to the public good. In the second stage, players are informed of the decisions that other members of their group have made and have the opportunity to punish them. The punishment reduces the earnings of both the sanctioning and the sanctioned parties. In the Baseline treatment, the two stages described above comprise all of the activity in the game. The Baseline treatment is a replication of Fehr and Gaechter (2000) . In the other treatments, in contrast, there are additional stages, in which players are informed about some or all of the sanctioning activity in stage two or subsequent stages, and any individual may sanction any or all members of his group in a manner similar to stage two.
Three of the remaining treatments consist of exactly three stages, one contribution and two sanctioning stages, and differ from each other in terms of the information available to players about the identity of those administering sanctions in the second stage (the first sanctioning opportunity). In the Full Information treatment, players are informed about how much each individual sanctioned each other individual. In the Revenge Only treatment, each individual is informed of the source and the quantity of the sanctions directed toward him, but does not know how much other members of the group were sanctioned and by whom. In the No Revenge treatment, no individual is informed about who sanctioned him personally and by how much. However, all individuals are informed of the source and the quantity of the sanctions directed toward each player other than himself. The information received at the end of the second stage may be used in the determination of punishment assignment strategies in the third stage.
The Baseline treatment allows punishment only in response to contribution decisions. The Revenge Only treatment allows counterpunishment as well as punishment for contribution behavior in the first stage. The No Revenge treatment allows sanction enforcement and punishment for low contributions, but precludes counterpunishment (although individuals may form beliefs about who sanctioned them based on who sanctioned others, and may attempt to counterpunish based on this information). The Full Information treatment allows sanction enforcement, counterpunishment, and punishment for low contributions. Therefore, the difference in contributions between the Baseline and the Revenge Only treatments, as well as the difference between the No Revenge and the Full Information treatments, measure the marginal effect of counterpunishment on contributions. The first and second comparisons are within an environment in which sanction enforcement is impossible and possible, respectively. We hypothesize, based on the results of Nikiforakis (2004) , that the effect of the possibility of counterpunishment on contributions is negative.
The difference in contributions between the Baseline and the No Revenge treatments, as well as the difference between the Revenge Only and the Full Information treatments, is interpreted as the effect of the introduction of sanction enforcement. We hypothesize, based on the results of Cinyabuguma et al. that the effect of sanction enforcement on contributions is positive. The difference between the Full Information and the Baseline treatments measures the effect of removing all immunity from reprisals for sanctioning decisions, thereby incorporating the effects of both counterpunishment and sanction enforcement. The overall effect of these forces is ambiguous in sign. To summarize, our hypotheses concerning treatment differences are those specified in (1). (1) where C(X) refers to the average amount contributed in treatment X, and NR, B, FI, and RO are abbreviations for the four treatments. The final treatment is the six-stage full Information treatment (6SFI). In this treatment, as in the other four, the first stage of the game consists of players simultaneously choosing how much of their endowment to contribute to a public good. In the second stage, players are informed of the decisions that other members of their group have made and have the opportunity to punish them, as in the Full Information treatment. Stages 3-6 are identical to stage 2. Players observe the sanctioning decisions of all members of the group in all earlier stages and then may sanction any other individuals. The 6SFI treatment allows punishment for complex motivations such as punishing counterpunishment or punishing a failure to enforce sanctions. The changes in contributions that the additional motives to punish that the extra stages introduce would appear to be ambiguous in sign, and thus we advance no hypotheses ex-ante about whether 6SFI leads to lower or higher contributions than the Baseline or Full Information treatments.
Procedures
The experiment consists of ten sessions, two sessions conducted under each of the five treatments. An average of twelve individuals participated in each session, for a total of 120 participants. 6 All sessions were conducted at the LABEX of the University of Rennes I, Rennes, France in 2004. The experiment was computerized and the scripts were programmed using the z-tree platform (Fischbacher, 1999) . The subjects were undergraduate students from a variety of majors. Roughly onethird were economics students in the first 2 years of their studies at the University, and all but a small number of the remaining two-thirds were students in law, management, and medicine. No individual participated in more than one session.
In each session, there are 20 periods of interaction. Each period within a session proceeds under identical rules. The subjects participating in the session are assigned to groups of size four with fixed membership, in such a manner that they do not know the identities of the other members of their group. There were six groups, and thus six independent observations, for each treatment. At the end of each period, individuals remain in the same group. However, individuals' designated labels and the location of the display of their data on the computer screen are reassigned on a random basis in each period. For example, if a player is designated as player A in period t, he has exactly a one-fourth chance of being player A in period t + 1, as well as a one-fourth chance of being player B, C, or D in period t + 1.
The design and the parametric structure of the experiment draw heavily on those of Fehr and Gaechter (2000) . At the beginning of each period in all treatments, each participant receives an endowment of 20 ECUs (experimental currency units, with 1 ECU = 2 Eurocents). He then must choose to allocate the endowment between a private account, which is his to keep, and a public account, which yields. 4 ECUs to each member of the group for each ECU allocated to the account by any group member. Following previous authors, we will refer the amount that the individual allocates to the group account as his contribution, because the more he allocates to the group account, the lower his own but the greater the group's total earnings. At the end of the first stage, each individual's provisional earnings are equal to
where c i is the contribution of player i.
After contribution choices have been made, they are revealed to all group members, and the game enters stage two. Each member of the group is informed of the total contribution of the group and the individual contribution of the three other group members to the public good, as well as her own provisional earnings after the first stage, π 1 i . In stage two, players have an opportunity to assign sanctions to each of the other members of their group. Sanctions take the form of an assignment of a number of punishment points in the range from 0 to 10 inclusive. A different number of points and thus a different sanction level may be assigned to each other player. Assigning points is also costly to the sanctioner. The cost function for punishment for player i is denoted as k i ( p 
Each point the agent receives reduces his earnings by 10% of stage 1 earnings, with a maximum reduction of 100% (receiving more than 10 points imposes no further reduction in earnings, but nonetheless is costly to sanctioners). The cost of punishment is then subtracted to calculate provisional earnings after stage two. The two stages described above comprise all of the activity in a period of the Baseline treatment.
In the four other treatments, there are subsequent stages of activity. The FI, NR, and RO treatments consist of three stages while 6SFI consists of six stages. The FI, NR, and RO treatments differ only in the information available to each individual after stage two. In the Full Information treatment, each player i is informed of the amount that each player sanctioned each other player. That is, he observes p j2 k , for all j and k. In the No Revenge treatment, player i is informed only about how other individuals were sanctioned. That is, player i observes p j2 k , for all k and for all j = i, but not for j = i. In the Revenge Only treatment, each player is only informed about his own sanctions received. In other words, individual i observes p i2 k for all k, but does not observe p j2 k for j = i. The cost of the sanctions to both the sanctioning and the sanctioned parties is identical to stage two in the three treatments. That is k( p
In the three treatments, subject i observes the total number of points assigned to him in each of the two punishment stages.
After the appropriate sanctioning information is transmitted to participants, each member of the group has a second opportunity to assign punishment points to the other players. As in the earlier punishment stage, each point received reduces an individual's earnings by 10% of her first stage earnings. The final earnings for individual i in a period of the NR, FI, and RO treatments are equal to:
In the 6SFI treatment, there are three more stages that follow stage three. These are identical to stages two and three of the FI treatment in that at the end of each stage 7 The cost function k i ( p jm i ) used in the experiment corresponded to a marginal cost of c ECU for 2 c -2 < p jm i ≤ 2 c, and is identical to the function used in Fehr and Gaechter (2000) and in Masclet et al. (2003) .
s, subject i observes all individuals' sanctioning behavior p k,r j for all j, k and for all prior stages r < s. The payoff function at the end of stage 6 for individual i equals:
At the end of each period in all treatments, each participant's computer displays the contribution of each individual, the sanctioning information about others permitted under the treatment condition, the total quantity of punishment points the individual received in each stage, and his period and accumulated earnings for the session.
Results
This section has the following structure. Section 3.1 reports the data from the treatments with two sanctioning stages, and presents evidence for the first main result of the study. This is that the negative effect on contributions of permitting counterpunishment is greater in magnitude than the positive effect of permitting sanction enforcement. Section 3.2 considers individual sanctioning patterns in detail and Section 3.3 studies the subsequent response of recipients of sanctions. Section 3.4 presents the results from the 6SFI treatment, and details the evidence for the other principal result of the study. This is that the addition of multiple additional rounds of sanctions reduces contributions compared to a setting with only one stage of sanctioning, and also reduces welfare relative to a setting with no sanctions or with one stage of sanctions.
3.1 The effect of a second punishment stage on contribution and welfare levels Figure 1 illustrates the time path of individual contributions by period, averaged across groups, in the five treatments. The period number is shown on the horizontal axis and the average contribution on the vertical axis. The maximum possible individual contribution, corresponding to the group optimum, is 20. The minimum possible contribution is 0. Figure 2 shows the corresponding time series of average individual earnings by treatment. The maximum possible individual earnings level, associated with all players contributing their entire endowment and no sanctioning, is 32, while individual earnings equal 20 if all contributions are zero. The average contribution for each group in each treatment is shown in Table 1 , with the standard deviations given in parentheses.
Average contributions are highest in the No-Revenge treatment (16.17 per individual from a maximum possible of 20), followed in turn by the Baseline (15.49), the Full Information (10.59) and the Revenge Only (7.21) treatments, but there is considerable heterogeneity between groups in all of the treatments. The treatment differences are all consistent with the hypothesized orderings stated in (1). In the No-Revenge Treatment, 5 of 6 groups contribute more than 85% of their endowment over the 20 periods, while no group in the Full Information or Revenge Only treatments does so. On average, contributions in Revenge Only are less than half of the levels in the Baseline and the No Revenge treatments. A Mann-Whitney pairwise statistical test comparing contributions between treatments, maintaining the conservative assumption that each group's activity over the session is a unit of observation, yields the results shown in Table 2 . The unit of observation is the average contribution of the group over the entire session (yielding six observations per treatment, one per group), and the null hypotheses are that the median group in each of the two treatments contributes an identical amount over a 20-period session. Identical inferences relative to the critical values for p = 0.05 are obtained if the data from the last five periods rather than those from entire sessions are compared. 8 Introducing the possibility of counterpunishment has the effect of reducing contribution levels, whether or not sanction enforcement is possible. The difference in contributions between the Baseline and the Revenge Only treatments, as well as the difference between the No-Revenge and the Full Information treatments, is significant. Thus, we observe a similar effect as Nikiforakis (2004) , in that counterpunishment reduces contributions, and we find that it generalizes to a setting in which sanction enforcement exists. Sanction enforcement has a positive, but not significant, effect in increasing contributions. This effect is similar to that observed by Cinyabuguma et al. (2004 Cinyabuguma et al. ( , 2005 .The differences between the Full Information and the Revenge Only treatments and between the Baseline and the No-Revenge treatments are not significant. The (borderline, p < 0.1) significant difference between the Baseline and the Full Information treatments indicates that the effect of sanction enforcement is not strong enough to fully offset the decrease Table 3 . The No Revenge, Revenge Only and Full Information treatments have a similar overall total number of sanctions applied. This total is less than in the Baseline treatment, despite the fact that the Baseline treatment has one fewer round of sanctions.
Who sanctions whom?
When they make their decisions in stage two, agents have observed the contribution decisions of all other individuals, and can condition their sanctioning behavior on this information. The tendency to punish those who contribute less than the data from period 1 of the three treatments. The regression is also conducted for the data from t = 1 alone to provide estimates in which there is no possibility for endogeneity, due to the dependence of the independent variables in period t + 1 on the dependent variables in period t, to influence inferences
The dependent variable p j2t i is the quantity of punishment points that player i assigns to player j in the second stage of period t, c t j is player j's contribution in period t, andc t − j is the average contribution of individuals other than j in period t. 9 A significantly positive coefficient on β 2 (β 3 ) indicates that i punishes j more, the farther j's contribution is below (above) the average level of others. In the estimation, each individual pair of players in the same group in a period is the unit of observation. As shown in Table 4 , the coefficient β 2 is positive and significant in all three treatments, for both the data for all periods and for period one alone. This indicates that agents receive more punishment, the less they have contributed relative to others in the group. The negative coefficients on β 3 , which are significant in two of the three treatments, indicate that the more an individual contributes relative to others, the lower the punishment he receives. The effect of others' average contributions, as captured with β 1 , is ambiguous in sign. While 9 Highly similar results are obtained if the average contribution including player j is used in the specification instead of the average excluding player j. This is also the case for the data presented in Table 5 , as well as when the average contribution including player i is used in the estimation reported in tables 6a and 6b rather then the average omitting player i. The results are available from the authors. In the third stage, there are several potential motivations for sanctioning. Agents may wait until the third stage to sanction low contributors, 10 they may enforce sanctions that others failed to apply in stage two, or they may counterpunish. We consider the influences of each of these effects in an estimation of Eq. (6). Table 5 contains the estimates from the following regression model for the Full Information and the No Revenge treatments:
The convexity of the cost function for punishment in each stage means that there are cost savings from spreading out punishment allocations over the two stages. This property, in principle, might encourage a greater quantity of total punishment. Previous studies indicate that agents punish more, the lower the price of punishment (Anderson and Putterman 2005; Carpenter 2005a, b; Casari 2005) . However, the fact that there is less punishment in the three treatments with two punishment stages than in the Baseline treatment indicates that other forces more than offset any such effect.
The dependent variable in Eq. (6) is the number of punishment points that player i assigns to player j in the third stage of period t. The coefficient β 1 takes on a positive value if counterpunishment occurs. The coefficient is positive if player i reciprocates sanctions he receives by assigning more punishment points to j in stage three, the more points j assigned to i in stage two of the same period. The variable m = j k =i, j p k2t m /2 is the average number of punishment points assigned to individuals other than i and j in stage two. The variable k =i p k2t j − ( m = j k =i, j p k2t m )/2 is the difference between the total number of punishment points that j assigned to individuals other than i and the average number of punishment points assigned to individuals other than i and j in stage two. The coefficient β 4 is positive if i sanctions j more, the more punishment that j has disbursed to players other than i, relative to the average punishment. If β 5 is positive, sanction enforcement is occurring, since it means that the fewer points j assigns relative to the average punishment of third parties in stage two, the more i sanctions j in stage three. The coefficients β 6 and β 7 capture the dependence of sanctioning behavior in stage three on contribution decisions in stage one, and if punishment of relatively low contributors occurs in stage three, β 6 is positive. The variables indicating the average punishment of third parties and j's deviation from the average are not included in the Revenge Only treatment. This is because subjects cannot calculate the number of punishment points j has assigned and the relevant average from the information they have available.
The estimates, reported in Table 5 , show that counterpunishment, sanction enforcement, and stage three punishment of low contributors all occur. The coefficients β 1 on the variable indicating the number of sanctions assigned in the second stage are positive and significant in all three treatments, indicating the existence of counterpunishment, applied with increasing severity as the initial sanction is increased. This pattern is also consistent with a pattern of blind vengeance in the No Revenge treatment. Even in the No Revenge treatment, when individuals are not aware of who has sanctioned them, they apparently use information about the sanctions others receive. They appear to conjecture that those who punish others more are also relatively likely to have punished them, and try to avenge the sanctions that they have received in stage two of the game by targeting these high punishers.
The table also shows that sanction enforcement occurs. Players receive more punishment in stage three, the fewer sanctions they assign in stage two compared to the average punishment level assigned. The evidence is the significantly positive coefficients on β 5 in the Full Information and No Revenge treatments, although the effect is only borderline significant for the period 1 data. Thus, failure to punish low contributors in stage two with the severity others view as appropriate draws punishment in stage three. The significantly positive coefficients on β 6 in the Full Information and the No Revenge treatments, indicate that low contributions in stage one are also punished in stage three, as they are in stage two. 
The effect of sanctions
The relationship between points received in each of the two stages of period t and subsequent contributions in period t + 1 is described in Tables 6 and 7 , in which the results of the following estimation are presented.
In this equation, the dependent variable is the change in the contribution of individual i between period t and t + 1. A positive value of the dependent variable indicates that contributions increase from one period to the next. The coefficient β 1 captures the effect of the number of punishment points received in stage two of period t on the change in contributions. If β 1 is positive, it indicates that the receipt of a larger quantity of sanctions has the effect of inducing a greater subsequent net increase in contributions. While stage two sanctions are presumably unambiguously interpreted as punishment for contribution decisions, stage three sanctions, as we have seen, may reflect other motivations. The extent to which stage three sanctions change subsequent contributions is captured with the coefficient β 2 . The deviation from the others' average contribution, whose effect is captured with β 3 , is included as an explanatory variable to account for any regression to the mean in contributions that is independent of the number of sanctions received. Such regression to the mean may reflect a desire to conform to the average contribution. It Table 7 The effect of period t sanctions on changes in contribution between periods t and t + 1: high contributors may also be the result of pure randomness: an individual who independently draws a contribution level each period would exhibit regression toward his mean contribution. Table 6 shows the estimates for low contributors, those who contribute less than the group average in period t, while Table 7 gives the same data for high contributors, who contribute more than the group average in period t. The data are separated into high and low contributors because previous work suggests that these two groups may react differently to the receipt of sanctions (Masclet et al. 2003) . The estimates show that low contributors who receive more punishment points in stage two of period t, respond with a more positive net change in contributions for period t + 1. The coefficient β 1 is significantly positive at the 1% level in all three treatments. Punishment has the intended effect of inducing low contributors to increase their contributions in the next period. However, the same is not the case for high contributors, for which none of the β 1 coefficients is significantly positive. The β 2 coefficients show no general pattern for either high or low contributors, suggesting that receiving sanctions in stage three is not interpreted as punishment for low contributions. For both high and low contributors, the β 3 coefficient is significantly negative in all three treatments, revealing the existence of a general tendency of regression to the mean in contribution levels. The higher one's contribution relative to the average, whether it is above or below, the stronger the tendency is to lower it in the following period.
Sanction enforcement leads individuals to increase the quantity of sanctions that the recipient assigns in stage two of the following period, while counterpun- Table 8 The effect of stage three punishment on sanctions assigned in the second stage of following period: low punishers ishment reduces the quantity assigned. The effects appear in Tables 8 and 9 , which display the results of the estimation of Eq. (8), for low and high punishers, respectively. A low (high) punisher in period t is an individual who distributed fewer (more) punishment points in stage two of period t than the average in her group. The mean sanction assigned in stage two is only discernable to individuals in the Full Information and the No Revenge treatments.
The dependent variable in the equation is the change in the total amount of punishment that player i assigns between stage 2 of period t and stage 2 of period t + 1. The independent variables are the total number of points the individual has received in stage three of period t and the difference between the number of points he assigns and the average number of points individual members of the group assign in stage two of period t. If β 1 > 0, subjects respond to sanction enforcement or to counterpunishment with increases in the quantities of sanctions they assign in stage 2 of the following period. If β 2 < 0, there is a tendency for those who have sanctioned less relative to the average in stage two of period t, to exhibit a greater net increase in the sanctions they assign in stage two of period t + 1 relative to stage two of period t.
The estimates show that in the Full Information and No-Revenge treatments, the greater the number of sanctions a low punisher receives in stage three of period t, the greater the net increase in the number of punishment points he distributes in stage two of period t + 1 relative to period t. He acts as if he has interpreted the punishment he has received as sanction enforcement, and responds as if to reduce the receipt of future sanction enforcement. No such effect is observed for high punishers, who do not appear to interpret stage three sanctions they receive as punishment for insufficient assignment of sanctions. Under the Revenge Only treatment, low punishers cannot be identified, and stage three sanctions are interpreted as counterpunishment. Consequently, in Revenge Only, the more sanctions that one receives in stage three of period t, the fewer one assigns during stage two of period t + 1. This effect is observed for both low and high punishers for the data for all 20 periods, though not for the data from t = 1. Thus, the use of counterpunishment in stage three for prior sanctions has the effect of deterring the sanctioner in the next period. After the above effects are taken into account, the more that individuals punish in excess of the average sanction in the second stage of a given period, the greater the tendency to sanction less in the following period. This effect is observed in all three treatments for high sanctioners, as can be seen from the negative and significant β 2 coefficients in each of the three treatments for high punishers. No general tendency toward (or away from) conformity is detected for low punishers.
The six stage full information treatment
The decrease in contributions, which is borderline significant, that the introduction of a second stage of punishment induces suggests that additional stages of unrestricted punishment might further reduce contributions. Figure 1 indicates that average contributions are lower throughout the time horizon of the sessions in 6SFI than in the Baseline treatment. The results of a Mann-Whitney rank sum test for treatment differences, using each group's average contribution for a session as the unit of observation, given in Table 2 , reveal that the differences in median group contributions between 6SFI and Baseline are significant at the 5% level.
The effect on welfare of the additional stages of punishment opportunities is large and negative. Figure 2 illustrates the effect, displaying both mean and median welfare for 6SFI. In the early periods of the 6SFI treatment, average earnings are negative. In later periods it increases, but remains below the level in all other treatments, except for the Revenge Only treatment. Indeed, average individual earnings remain below 20 over the entire session, indicating that earnings are lower than at a benchmark where contributions are zero from all players and no punishment is possible. Figure 2 also shows the earnings of median individual in each period, which display a similar pattern as the mean, indicating that the low earnings are not due to very low earnings on the part of a few individuals. As Table 2 indicates, the welfare level over the entire 20 periods is significantly lower in 6SFI than in each of the other four treatments.
The source of the lower welfare is twofold. While contributions are lower in the 6SFI than in the Baseline and the Full Information treatments, the number of sanctions applied is also higher in 6SFI. Table 3 displays the data, indicating that the average number of sanctions an individual receives in a period is equal to 4.11 points. This represents a reduction of 41.1% of first stage earnings, not including the costs the sanctioners incur. The number of points assigned is 2.71 times the amount in the next highest treatment. The number of points assigned within a period follows a distinct pattern of small declines during stages 2-5, and a large increase in stage 6. Some of this activity in the last punishment stage appears to consist of sanctions for earlier contribution or punishment decisions that have been deferred until they are immune from counterpunishment. 11
Conclusion
In this study, we investigate the impact of allowing punishment of sanctioning behavior on contributions, sanctioning decisions, and payoffs of groups facing a social dilemma. The results of our study show that the existence of multiple rounds of sanctions, in which any player may sanction any other, has a negative effect on the level of contributions relative to a setting with one round of sanctions. Our Six Stage Full Information treatment yields significantly lower contribution and welfare levels than our Baseline treatment with only one round of sanctions. Indeed, in this treatment, average welfare is lower than at a benchmark in which no sanctioning mechanism at all is present and contributions are zero for each individual.
Our treatments with two rounds of sanctions allow us to measure the relative magnitudes of the effects on contributions of opportunities to engage in counterpunishment and sanction enforcement. Our results are consistent with those reported in the recent work of Nikiforakis (2004) , who finds that when agents are permitted to counterpunish, but not to enforce sanctions, contributions to the public good 11 In some periods, a phenomenon of escalating counterpunishment is observed. This phenomenon consists of a sanction that player i applies to j, followed by the assignment of counterpunishment by j to i, and one of more reciprocal reprisals. We give two examples of this phenomenon here. In period 3, players A, B, C, and D in group 1 contribute 12, 8, 12, and 0 tokens, respectively. Player A then assigns 5 points to D in stage two. D responds by assigning 1 point to A in stage three. Then A assigns 3 to D, D assigns 2 to A, and A assigns 2 to D in the next three stages. Similarly, in period 6, the contributions of players A-D are 12, 10, 5, and 15 tokens respectively. In stage two, D allocates one point to C and C responds by assigning D one point in stage three. D assigns C two points, C gives one point to D, and D directs two points to C, respectively, in rounds 4-6. decrease. Although contributions increase when sanction enforcement is introduced, the effect is not significant. This result is in line with that obtained in Cinyabuguma et al. (2004 Cinyabuguma et al. ( , 2005 . We find that the increase in contributions from sanction enforcement is smaller in magnitude and only partially offsets the reduction in contributions due to counterpunishment. The overall effect of a second stage of punishment and full observability of prior contribution and punishment decisions is a (borderline significant) reduction in contributions, as the effect of counterpunishment on contributions is larger than the effect of sanction enforcement. As suggested by the data from the 6SFI treatment, additional rounds of sanctioning opportunities appear to further erode contribution levels.
The sanctions operate in an intuitive manner at the individual level. Agents sanction low contributors in the second stage. In the third stage they sanction low contributors and low sanctioners, as well as counterpunish. Sanctions received in the second stage increase recipients' contributions in the following period. Counterpunishment reduces the quantity of sanctions recipients assign in the following period, while sanction enforcement increases it.
As is well known, in the absence of a sanctioning mechanism, voluntary contributions are highly susceptible to the free-rider problem. On the other hand, the environment of our Baseline treatment or of Fehr and Gaechter (2000) , with a single stage of sanctioning, is highly conducive to cooperation. The setting with five unrestricted opportunities to punish that we have studied here generates contribution levels that lie between those in these two extreme cases, but welfare levels that are lower than when no sanctioning system is available. Thus, sanctioning systems appear to be most effective in promoting cooperation when punishers are anonymous, in the sense that they are immune from the consequences of their sanctioning behavior, as in the setting of Fehr and Gaechter. The high levels of cooperation and observed in their environment appear not to be robust to the removal of this immunity. When sanctioning behavior can be punished, counterpunishment is common. This reduces welfare both because it is costly in itself and because it reduces contributions through its deterrence of punishment of low contributors. These effects are magnified when there are many rounds of punishment opportunities, as in our 6SFI treatment. In this treatment, costly episodes of reciprocal counterpunishment have a strong negative effect on welfare, and average contributions are relatively low. Permitting individuals to punish those who fail to sanction low contributors, or those who do sanction high contributors, reveals a reluctance to do so. Our results suggest that in a setting with repeated opportunities to target individuals for punishment, limiting opportunities for counterpunishment is welfare improving.
We believe that the major patterns in the data can be reconciled with gametheoretic analysis under appropriate assumptions on preferences. Under the classical assumption that individuals' payoffs are a function of only their monetary earnings, there is a unique subgame perfect equilibrium in the game. No punishment occurs in the last stage of the game, for any previous history of play. Because punishment in the next-to-last stage is costly to the sanctioner, and does not effect decisions at later nodes, no punishment is applied in the next-to-last stage for any previous history of play. Analogous backward induction arguments show that the unique subgame perfect equilibrium is that no contributions are made and no punishment is assigned at any time.
However, suppose instead that the game is one of incomplete information. Assume that there exist types of player who receive utility not only from their own income, but also for reciprocation. One type of player receives utility from reducing the earnings of those who take actions to lower his payoff. Another type receives utility from reducing the earnings of those who fail to take actions that uphold the social norm. These types of individuals would be willing to lower their monetary earnings to some extent to punish those who submit low contributions or those who fail to punish free riders, as well as to engage in counterpunishment. Our data are consistent with the existence of these types, since such punishment behavior is widespread in our data. 12 If the above types of players exist, the game is one of incomplete information in which some individuals are income maximizers, some have the preferences described above, and individuals' types are private information. Consider the Full Information treatment. We conjecture that sequential equilibria exist with the following basic structure. In the last stage, some individuals, who receive utility from reciprocation, punish low contributors, engage in counterpunishment, and enforce sanctions, while other individuals, who are income maximizers, do not punish. In the preceding first punishment stage, some individuals punish free riders, either because they receive utility from doing so, and/or because they know there is a probability that they will be punished in the next stage should they not do so. Whether or not, and how much, an individual punishes depends on her type and her beliefs about the proportions of types in the population. In the contribution stage, some individuals may contribute in order to avoid punishment in the next stage, others would not contribute, and whether and how much an individual contributes depends upon his own type and his beliefs about the proportion of types. Indeed, there may exist multiple equilibria and the multiplicity may account for the heterogeneity among groups. We believe that a complete game-theoretic analysis of this game with the above assumptions on preferences, while beyond the scope of the current project, would be a valuable tool in explaining the data from this and other recent experimental studies on the effect of punishment on cooperation.
